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(54)  Shut-off trim including spring loaded check valve

(57)  In accordance with the present invention, there
is provided a bi-directional shut-off trim (10) for a valve
which possesses the functional attributes of a pilot oper-
ated trim and a balanced trim through the integration of

a spring loaded check valve into a pilot trim. In forward
flow isolation, the bi-directional shut-off trim of the
present invention acts as a normal pilot operated trim. In
reverse flow, the check valve of the shut-off trim opens
to balance the pressure on either side of the plug thereof.
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Description
BACKGROUND OF THE INVENTION
Technical Field of the Invention:

[0001] The present invention relates generally to bi-
directional valves for high pressure fluid flow and, more
particularly, to a bi-directional shut-off trim for a valve
which possesses the functional attributes of a pilot oper-
ated trim and a balanced trim through the integration of
a spring loaded check valve into a pilot trim. In forward
flow isolation, the bi-directional shut-off trim of the
present invention acts as a normal pilot operated trim. In
reverse flow, the check valve of the shut-off trim opens
to balance the pressure on either side of the plug thereof.

Description of the Related Art

[0002] There is known in the prior art valve construc-
tions which are adapted to provide pressure balance on
opposite sides of a main valve assembly during both
opening and closing movements of the main valve as-
sembly with fluid flow in either direction through the valve.
One such exemplary prior art bi-directional balanced
valve is disclosed in U.S. Patent No. 3,888,280 entitled
BI-DIRECTIONAL PRESSURE BALANCED VALVE is-
sued June 10, 1975.

[0003] However, currently known valve constructions
or designs providing a bi-directional pressure balanced
function are often subject to early failure and malfunc-
tioning when used under severe service conditions, e.g.,
under high temperature and high pressure operating con-
ditions. More particularly, the failure or malfunctioning of
currently known valve designs is often attributable to the
rapid erosion of deterioration of their sealing areas, as
well as other critical valve components. In this regard,
the available seal materials usable in conjunction with
currently known bi-directional pressure balanced valve
designs are often not adequate for providing required
shut-off characteristics,- and further frequently make the
valve susceptible to early failure when the such seal ma-
terials are subjected or exposed to the intended opera-
tional environment of the valve.

[0004] The present invention is intended to represent
an improvement to existing bi-directional pressure bal-
anced valve designs by providing a valve shut-off trim
which combines a pilot operated trim and a balanced trim
through the addition of a spring loaded check valve within
the pilottrim. As indicated above, in forward flow isolation,
the shut-off trim of the present invention acts as a normal
pilot operated trim, while in reverse flow, the check valve
thereof opens to balance the pressure on either side of
the plug of the trim. Thus, the addition of the spring loaded
check valve in the shut-off trim of the present invention
causes the pilot operated trim to act as a balanced plug
in the reverse flow direction. These, as well as other fea-
tures and advantages of the present invention, will be
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described in more detail below.
BRIEF SUMMARY OF THE INVENTION

[0005] In accordance with the present invention, there
is provided a valve shut-off trim which includes a spring
loaded check valve and is usable in applications requiring
valves with bi-directional shut-off trim where the use of
unbalanced trim designs is not feasible and the choice
of sealsis limited by temperature, and/or radiation, and/or
chemistry of seal materials. The shut-off trim constructed
in accordance with the present invention finds particular
utility in applications requiring shut-off in a forward direc-
tion of Class V and shut-off in a reverse flow direction of
Class IV, with forward flow being, for example, water at
440° F and reverse flow being, for example, steam at
567° F.

[0006] Inthe presentinvention, to obtain Class IV shut-
off in a reverse flow direction, carbon piston rings are
integrated into the shut-off trim. By combining a pilot
ported plug and a check valve (which allows flow in the
reverse direction), the shut-off trim of the present inven-
tion allows isolation in forward and reverse directions. In
the forward direction, the trim achieves leak-tight shut-
off (pilot ported plug acts an unbalanced plug when in
the closed position). In the reverse direction and during
modulation, the shut-off trim acts as a balanced plug.
Thus, when reverse pressure unseats the pilot plug, the
trim acts a balanced plug as indicated above. The shut-
off trim of the present invention preferably includes a
spring for loading the pilot plug.

[0007] Due to its construction, which will be described
with particularity below, the shut-off trim constructed in
accordance with the present invention eliminates reli-
ance on elastomeric balance seals for the forward flow
direction, and allows for the use of, by way of example,
carbon or metallic piston rings for the reverse direction
shut-off requirements. Thus, the shut-off trim of the
present invention eliminates the need for a lengthy seal
qualification program and extends the qualified life of the
equipment in the field with integrates the same. As are-
sult, the shut-off trim constructed in accordance with the
present invention has the capability of satisfying safety
related isolation functions that have been imposed on
control valves integrated or used in certain applications,
such as those requiring the aforementioned Class V shut-
off in a forward direction and a Class IV shut-off in a
reverse direction. In many of these applications, the use
of graphoil seals would not be suitable due to the number
of open/close/small modulation cycles that are imposed
by the application requirements. Additionally, elastomer-
ic seals are generally unsuitable for obtaining Class V
shut-off since this requirement often pushes such elas-
tomeric seals to or beyond their documented usable lim-
its, or undesirably shortens their qualified life due to, for
example, the limited ability thereof to withstand radiation,
as well as their susceptibility to hardening due to thermal

aging.
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[0008] The presentinvention is best understood in ref-
erence to the following detailed description when read in
conjunction with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These, as well as other features of the present
invention, will become more apparent upon reference to
the drawings wherein:

Figure 1 is a side-elevational, partial cross-sectional
view of a shut-off trim constructed in accordance with
a first embodiment of the present invention;

Figure 2 is a side-elevational, partial cross-sectional
view of a shut-off trim constructed in accordance with
a second embodiment of the present invention;
Figures 3A-3C are side-elevational views illustrating
a plug sleeve of the shut-off trim shown in Figure 2
in differing states of actuation;

Figure 3D is a cross-sectional view of the plug sleeve
of the shut-off trim shown in Figures 2 and 3A-3C;
Figures 4A-4C are side-elevational views illustrating
an auxiliary plug in differing states of actuation which
may be used as an alternative to the plug sleeve
shown in Figures 2 and 3A-3D in a shut-off trim con-
structed in accordance with a third embodiment of
the present invention;

Figure 5 is a side-elevational, partial cross-sectional
view of a shut-off trim constructed in accordance with
a fourth embodiment of the present invention; and
Figures 6A-6B are side-elevational views illustrating
the check valve of the shut-off trim shown in Figure
5 in differing states of actuation.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Referring now to the drawings wherein the
showings are for purposes of illustrating preferred em-
bodiments of the present invention only, and not for pur-
poses of limiting the same, Figure 1 depicts a shut-off
trim 10 constructed in accordance with a first embodi-
ment of the present invention. Itis contemplated that the
trim 10 will be integrated into a valve construction wherein
the valve includes a housing which defines an interior
plug chamber 14. The plug chamber 14 is partially de-
fined by a generally cylindrical, tubular fluid energy dis-
sipation device, such as the disc stack 16 shown in Figure
1. The plug chamber 14 is further partially defined by a
generally cylindrical, tubular plug sleeve 18 which is co-
axially aligned with the disc stack 16, one end of the plug
sleeve 18 typically being engaged to a corresponding
end of the disc stack 16.

[0011] In addition to the plug chamber 14, the housing
12 of the valve into which the trim 10 is integrated also
defines an inflow passage 20 and an outflow passage 22
which each fluidly communicate with the plug chamber
14. The inflow and outflow passages 20, 22 are more
easily seen in those embodiments of the shut-off trim
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depicted in Figures 2 and 5. In the valve including the
trim 10, fluid traveling through the inflow passage 20 flows
radially inwardly through the disc stack 16 and into the
plug chamber 14. When the trim 10 is in an open condition
or state as will be described in more detail below, fluid
entering the plug chamber 14 is able to flow into the out-
flow passage 22, and thereafter exit the valve including
the trim 10. Typically, the interface between the outflow
passage 22 and the plug chamber 14 is defined by an
annular seat ring 24.

[0012] The trim 10 constructed in accordance with the
first embodiment of the present invention comprises a
main pilot plug 28 which, from the perspective shown in
Figure 1, defines a top surface 30, a bottom surface 32,
a side surface 34, and a beveled sealing surface 36 which
extends between the bottom and side surfaces 32, 34.
The pilot plug 28 is not solid, but rather has a bore 38
extending axially therethrough. As is also apparent from
Figure 1, the bore 38 is not of uniform diameter. Rather,
the bore 38 defines four (4) different segments or sec-
tions, each of which is of a differing diameter. More par-
ticularly, the diameters of the bore sections defined by
the bore 38 progressively decrease from the top surface
30 to the bottom surface 32, with the lowermost bore
section extending to the bottom surface 32 thus being of
the smallest diameter of the four bore sections. The up-
permost and upper middle bore sections are separated
from each other by an annular shoulder 40. Similarly, the
upper middle and lower middle bore sections are sepa-
rated by an annular shoulder 42, with the lower middle
and lowermost bore sections being separated by an an-
nular shoulder 44. Disposed within the shoulder 40 is a
plurality of elongate grooves or channels 46, the use of
which will be described in more detail below. Additionally,
disposed in the side surface 34 of that portion of the pilot
plug 28 which defines the uppermost bore section is a
plurality of sealing rings 48 which circumvent the pilot
plug 28 and are used for reasons which will also be de-
scribed in more detail below.

[0013] When the trim 10 is in a closed position within
the exemplary valve including the same, the sealing sur-
face 36 defined by the pilot plug 28 is firmly seated and
sealed against the seat ring 24. The trim 10 assumes an
open position when, from the perspective shown in Fig-
ure 1, the pilot plug 28 is caused to move upwardly as
results in the sealing surface 36 thereof effectively being
separated from the seat ring 24. Such separation allows
fluid within the plug chamber 14 to flow between the seal-
ing surface 36 and seat ring 24 into the outflow passage
22.

[0014] In addition to the pilot plug 28, the trim 10 in-
cludes check valve assembly comprising an auxiliary
plug 50 which resides within the bore 38 of the pilot plug
28. Like the pilot plug 28, the auxiliary plug 50, when
viewed from the perspective shown in Figure 1, defines
a top surface 52, a bottom surface 54, a side surface 56,
and a beveled sealing surface 58 which extends between
the bottom and side surfaces 54, 56. As is apparent from



5 EP 2 395 267 A2 6

Figure 1, the side surface 56 of the auxiliary plug 50 is
not of uniform outer diameter. Rather, the side surface
56 defines four (4) side surface sections or segments
which may be of differing outer diameter. Along these
lines, it is contemplated that the outer diameter of the
lowermost segment of the side surface 56 to which the
sealing surface 58 extends will be of the greatest diam-
eter in the auxiliary plug 50. In the auxiliary plug 50, the
lowermost and lower middle segments of the side surface
56 are separated by an annular shoulder 60.

[0015] Inthetrim 10, the auxiliary plug 50 is operatively
coupled to a collar 62 of the check valve assembly which
is attached to the bottom end of the stem 64 of the valve
including the trim 10. When viewed from the perspective
shown in Figure 1, the collar 62 defines a top surface 66,
a bottom surface 68, and a side surface 70. The side
surface 70 is also not of uniform outer diameter, but rather
includes two (2) side surface sections or segments which
are of differing outer diameter. In this regard, that seg-
ment of the side surface 70 extending to the top surface
66 exceeds the outer diameter of that segment of the
side surface 70 extending to the bottom surface 68.
These upper and lower segments of the side surface 70
are separated by an annular shoulder 72.

[0016] In the trim 10, the auxiliary plug 50 is moveably
attached to the collar 62 via the receipt of a portion of the
auxiliary plug 50 into a complimentary interior cavity 74
defined by the collar 62. As seen in Figure 1, that portion
of the auxiliary plug 50 defining the uppermost segment
of the side surface 56 thereof is captured and maintained
within the interior cavity 74, as is at least a portion of the
auxiliary plug 50 which defines the upper middle segment
of the side surface 56 thereof. The cooperative engage-
ment between the auxiliary plug 50 and the collar 62 al-
lows for the reciprocal movement of the auxiliary plug 50
relative to the collar 62 in a manner either decreasing or
increasing the distance separating the shoulder 60 of the
auxiliary plug 50 from the bottom surface 68 of the collar
62. In this regard, the check valve assembly of the trim
10 preferably includes a biasing spring 76 which extends
between the shoulder 60 and the bottom surface 68. The
biasing spring 76 normally biases the auxiliary plug 50
away from the collar 62, i.e., maximizes the distance sep-
arating the shoulder 60 of the auxiliary plug 50 from the
bottom surface 68 of the collar 62. As will be recognized,
the movement of the auxiliary plug 50 away from the col-
lar 62 attributable to the action of the biasing spring 76
is eventually limited by the abutment of that portion of
the auxiliary plug 50 defining the uppermost segment of
the side surface 56 against an inner surface portion of
the collar 62 which partially defines the interior cavity 74
thereof.

[0017] Asindicated above, the pilot plug 28 of the trim
10 is moveable between a closed position wherein the
sealing surface 36 thereof is sealed against the seat ring
24, and an open position wherein the sealing surface 36
of the pilot plug 28 is separated from the seat ring 24,
thus allowing fluid to flow therebetween into the outflow
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passage 22. The movement of the pilot plug 28 between
its closed and open positions is facilitated by the upward
and downward movement or actuation of the stem 64,
and more particularly, the collar 62 attached to one end
thereof. As will be recognized, the reciprocal movement
of the stem 64 and collar 62 as is needed to facilitate the
movement of the pilot plug 28 between its closed and
open positions is facilitated by an actuator which is op-
eratively coupled to that end of the stem 64 opposite that
having the collar 62 attached thereto. The downward
movement of the stem 64 when viewed from the perspec-
tive shown in Figure 1 causes the shoulder 72 defined
by the collar 62 to act against the shoulder 40 of the pilot
plug 28 in a manner which forces the sealing surface 36
of the pilot plug 28 against the seat ring 24 and maintains
the sealed engagement therebetween.

[0018] When the pilot plug 28 is in its closed position,
the biasing force exerted against the auxiliary plug 50 by
the biasing spring 76 causes the sealing surface 58 of
the auxiliary plug 50 to firmly engage and establish sealed
contact with a portion of the pilot plug 28 at the inner
periphery of the shoulder 44 thereof, as shown in Figure
1. As is further shown in Figure 1, in the check valve
assembly integrated into the trim 10, a biasing spring 78
extends between the shoulder 42 of the pilot plug 28 and
the shoulder 72 of the collar 62. From the perspective
shown in Figure 1, when the stem 64 is actuated to fa-
cilitate the movement of the pilot plug 28 to the closed
position, the downward biasing force exerted against the
pilot plug 28 by the biasing spring 78 assists in maintain-
ing the sealed engagement between the sealing surface
36 of the pilot plug 28 and the seat ring 24 even if the
shoulder 72 of the collar 62 ceases to apply force directly
to the shoulder 40 of the pilot plug 28.

[0019] Whenthetrim 10isin a state or condition where-
in the sealing surface 36 of the pilot plug 28 is sealed
against the seat ring 24 and the sealing surface 58 of the
auxiliary plug 50 is sealed against the pilot plug 28, the
pressure level P1 in the inflow passage 20 will typically
exceeds the pressure level P2 in the outflow passage
22. The pressure level P1 also exists in the plug chamber
14. In this regard, when viewed from the perspective
shown in Figure 1, the plug chamber 14 is at the pressure
level P1 both above and below the level of a plug plate
80 which is attached to the top surface 30 of the pilot plug
28 through the use of, for example, fasteners such as
bolts 82. The plug plate 80, which is used for reasons
described in more detail below, includes at least one flow
opening 84 which extends between the opposed top and
bottom surfaces thereof.

[0020] In the valve including the trim 10, that portion
of the plug chamber 14 located above the plug plate 80
reaches the pressure level P1 as a result of anticipated
leakage which occurs between the inner surface of the
plug sleeve 18 and the sealing rings 48 disposed in the
side surface 34 of the pilot plug 28. In this regard, the
sealing rings 48 facilitate the pressurization of that portion
of the plug chamber 14 located above the plug plate 80
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in a regulated, metered manner. As is also seen in Figure
1, the side surface 34 of the pilot plug 28 is not of uniform
outer diameter, but rather defines an annular shoulder
84 which is disposed in relative close proximity to the
sealing surface 36. Advantageously, the fluid pressure
at the pressure level P1 within that portion of the plug
chamber 14 below the plug plate 80 and in between the
side surface 34 and the inner surfaces of the disc stack
16 and plug sleeve 18 is able to act against the shoulder
84 in a manner supplementing or increasing the force of
the sealed engagement between the sealing surface 36
and seatring 24. Such sealed engagement is further sup-
plemented by the pressure level P1 within that portion of
the plug chamber 14 disposed below the plug plate 80
acting against the shoulders 40, 42, 44 of the pilot plug
28. In this regard, fluid migrating between the pilot plug
28 and plug sleeve 18 into that portion of the plug cham-
ber 14 disposed above the plug plate 80 is able to flow
into the uppermost section of the bore 38 via the at least
one flow opening 84 of the plug plate 80. Even if the
shoulder 72 of the collar 62 is firmly seated against the
shoulder 40 of the pilot plug 28, fluid is also able to flow
into the upper middle and lower middle sections of the
bore 38 via the channels 46 in the shoulder 40, at least
portions of which extend radially beyond that segment of
the side surface 70 of the collar 62 of greater diameter
extending to the top surface 66 thereof. Such flow results
in the upper middle and lower middle sections of the bore
38 reaching the fluid pressure level P1 along with the
uppermost section of the bore 38. Advantageously, the
pressure level P1 in the lower middle section of the bore
38 also acts against the shoulder 60 of the auxiliary plug
50 which supplements or enhances the sealed engage-
ment between the sealing surface 58 of the auxiliary plug
50 and the pilot plug 28.

[0021] Inthevalveincludingthe trim 10, the movement
of the pilot plug 28 from its closed position to an open
position is facilitated by the upward movement of the stem
64, and hence the collar 62, when viewed from the per-
spective shown in Figure 1, such upward movement be-
ing facilitated by the actuator cooperatively engaged to
the stem 64. The upward movement of the stem 64 ini-
tially causes the collar 62 to act against that portion of
the auxiliary plug 50 residing within the interior cavity 74
as effectively removes the sealing surface 58 from its
sealed engagement to the pilot plug 28. The movement
of the auxiliary plug 50 out of sealed engagement with
the pilot plug 28 creates a balanced pressure condition
between the plug chamber 14 and the outflow passage
22. In this regard, the removal of the auxiliary plug 50
from its sealed engagement to the pilot plug 28 allows
for open flow between the plug chamber 14 (including
that portion disposed above the plug plate 80) and the
outflow passage 22 via the bore 38 and flow passage 84
of the plug plate 80.

[0022] The continued upward movement of the collar
62 after the auxiliary plug 50 is unseated from the pilot
plug 28 results in the top surface 66 of the collar 62 acting
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against the bottom surface of the plug plate 80. By virtue
of the attachment of the plug plate 80 to the pilot plug 28,
the continued upward movement of the collar 62 after
the same engages the plug plate 80 results in the sealing
surface 36 of the pilot plug 28 being lifted off of and thus
separated from the seat ring 24, thereby causing the trim
10 to assume an open position.

[0023] In the trim 10 constructed in accordance with
the present invention, it is contemplated that in a further
mode of operation, a balanced pressure condition be-
tween the plug chamber 14 and outflow passage 22 may
be achieved if the pilot plug 28 is in its closed position,
but the pressure level P2 in the outflow passage 22 ex-
ceeds the pressure level P1 in the inflow passage 20 and
plug chamber 14. In this instance, it is contemplated that
the pressure level P2 will act against the bottom surface
54 of the auxiliary plug 50 in a manner facilitating the
compression of the biasing spring 76 and removal of the
sealing surface 58 from its sealed engagement to the
pilot plug 28. The upward movement of the auxiliary plug
50 by virtue of the compression of the biasing spring 76
is accommodated by the clearance between that portion
of the auxiliary plug 50 residing within the interior cavity
74 and those surfaces of the collar 62 defining the interior
cavity 74. Once the auxiliary plug 50 is unseated from
the pilot plug 28, fluid is able to flow into the lower middle
and upper middle sections of the bore 38, and thereafter
into the uppermost section of the bore 38 via the channels
46 disposed in the shoulder 40. Fluid flowing into the
uppermost section of the bore 38 is in turn able to flow
into that portion of the plug chamber 14 disposed above
the plug plate 80 via the flow opening 84 within the plug
plate 80. The equalization of the pressure level in the
plug chamber 14 with the pressure level in the outflow
passage 22 results in the sealing surface 58 of the aux-
iliary plug 50 being returned to sealed engagement to
the pilot plug 28 by operation of the biasing spring 76.
Similarly, the sealed engagement between the sealing
surface 36 of the pilot plug 28 and the seat ring 24 is
maintained by the biasing spring 78.

[0024] The check valve assembly integrated into the
trim 10 comprises the auxiliary plug 50, collar 62 and
biasing springs 76, 78. Importantly, the functional at-
tributes provided to the trim 10 by the check valve as-
sembly allow the trim to achieve a Class V shut-off when
subjected to an operational condition wherein the pres-
sure level P1 within the inflow passage 20 and plug cham-
ber 14 exceeds the pressure level P2 in the outflow pas-
sage 22. The unique structural and functional attributes
of the trim 10 also allow the same to achieve a Class IV
shut-off when subjected to an operational condition
wherein the pressure level P2 in the outflow passage 22
rises to the level which exceeds that of the pressure level
P1 in the inflow passage 20 and plug chamber 14.
[0025] Referring now to Figures 2 and 3A-3C, there is
shown a shut-off trim 100 constructed in accordance with
a second embodiment of the present invention. The trim
100 comprises a main pilot plug 128 which, from the per-
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spective shown in Figure 2, defines a top surface 130, a
bottom surface 132, a side surface 134, and a sealing
surface 136 which extends between the bottom and side
surfaces 132, 134. The pilot plug 128 is not solid, but
rather has a bore 138 extending axially therethrough. The
bore 138 is not of uniform diameter. Rather, the bore 138
defines four (4) different segments or sections, each of
which is of a differing diameter. More particularly, the
bore 138 includes an uppermost section, an upper middle
section, and a lower middle section which are of a pro-
gressively decreasing diameter. The bore 138 also de-
fines a lowermost section which is of the greatest diam-
eter, exceeding that of the uppermost section thereof.
The uppermost and upper middle sections of the bore
138 are separated by a shoulder 140. Similarly, the upper
middle and lower middle sections of the bore 138 are
separated by an annular shoulder 142. Additionally, dis-
posed in the side surface 134 of that portion of the pilot
plug 128 which defines the uppermost bore section is a
plurality of sealing rings 148 which circumvent the pilot
plug 128 and are used for reasons which will also be
described in more detail below.

[0026] When the trim 100 is in a closed position within
the exemplary valve including the same, the sealing sur-
face 136 defined by the pilot plug 128 is firmly seated
and sealed against the seat ring 24. The trim 100 as-
sumes an open position when, from the perspective
shown in Figure 2, the pilot plug 128 is caused to move
upwardly as results in the sealing surface 136 thereof
effectively being separated from the seat ring 24. Such
separation allows fluid from within the plug chamber 14
to flow between the sealing surface 136 and seat ring 24
into outflow passage 22.

[0027] In addition to the pilot plug 128, the trim 100
includes a check valve assembly comprising a fastener
186 which is secured to that end of the stem 64 opposite
the end portion cooperatively engaged to the actuator.
As best seen in Figures 3A-3C, the fastener 186 com-
prises a cylindrically configured shank portion, an en-
larged head portion which is formed on one end of the
shank portion, and an externally threaded attachment
portion which is threadably advanced into a complimen-
tary, internally threaded aperture disposed within the end
surface of the stem 64. As is also apparent from Figures
3A-3C, the end portion of the stem 64 defining the end
surface having the internally threaded aperture formed
therein is enlarged relative to the remainder of the stem
64. The end surface of the stem 64 which includes the
internally threaded aperture therein also includes an an-
nular groove or channel 188 which is formed therein and
effectively circumvents the internally threaded aperture.
The use of the channel 188 will be described in more
detail below. The advancement of the attachment portion
of the fastener 186 into the complimentary, internally
threaded aperture of the stem 64 is continued until such
time as the shank portion of the fastener 186 abuts the
end surface of the stem 64.

[0028] In addition to the fastener 186, the check valve
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assembly comprises a generally cylindrical, tubular plug
sleeve 190 which is cooperatively engaged to both the
fastener 186 and stem 64, and is reciprocally movable
relative thereto in a manner which will be described in
more detail below. An enlarged, cross-sectional view of
the plug sleeve 190 standing alone is shown in Figure
3D. The plug sleeve 190 includes a bore 192 which ex-
tends axially therethrough. The bore 192 is also not of
uniform diameter. Rather, the bore defines two (2) differ-
ent segments or sections, each of which is of differing
diameter. More particularly, when viewed from the per-
spective shown in Figures 3A-3D, the bore 192 defines
upper and lower sections which are separated from each
other by an annular wall portion 194 of the plug sleeve
190 which is integrally connected to a main body portion
196 thereof, and protrudes from the inner surface of the
main body portion 196 radially inwardly into the bore 192.
The wall portion 194 defines opposed, generally annular
first and second shoulders 198, 199, the first shoulder
198 being directed toward the upper section of the bore
192, and the second shoulder 199 being directed toward
the lower section of the bore 192 which is of a reduced
diameter in comparison to the upper section thereof.

[0029] Inthe check valve assembly of the trim 100, the
cooperative engagement of the plug sleeve 190 to the
fastener 186 and stem 64 is facilitated by advancing the
end portion of the main body portion 196 disposed fur-
thest from the wall portion 194 into the channel 188 of
the stem 64. In this regard, the channel 188 has a con-
figuration which is complimentary to that of the end por-
tion of the main body portion 196 which is advanced
thereinto. At the same time, the enlarged head portion
ofthe fastener 186 is received into and reciprocally move-
able within the reduced diameter lower section of the
bore 192. The shank portion of the fastener 186 resides
within the increased diameter upper section of the bore
192. The check valve assembly of the trim 100 further
includes a biasing spring 178 which also resides within
the upper section of the bore 192 of the plug sleeve 190,
and extends between the first shoulder 198 and the end
surface of the stem 64. The biasing spring 178 normally
biases the plug sleeve 190 away from the stem 64, i.e.,
maximizes the distance separating the wall portion 194
from the end surface of the stem 64. In the check valve
assembly, the movement of the plug sleeve 190 away
from the stem 64 attributable to the action of the biasing
spring 178 is eventually limited by the abutment of the
second shoulder 199 defined by the wall portion 194
against the enlarged head portion of the fastener 186.
Conversely, the movement of the plug sleeve 190 toward
the stem 64 is limited by the eventual abutment or bot-
toming out of the main body 196 of the plug sleeve 190
against the bottom, innermost surface of the channel 188.
[0030] Asindicated above, the pilot plug 128 of the trim
100 is movable between a closed position wherein the
sealing surface 136 is sealed against the seat ring 24,
and an open position wherein the sealing surface 136 is
separated from the seat ring 24, thus allowing fluid to
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flow therebetween into the outflow passage 22. The
movement of the pilot plug 128 between its closed and
open positions is facilitated by the upward and downward
movement or actuation of the stem 64. The reciprocal
movement of the stem 64 as is needed to facilitate the
movement of the pilot plug 128 between its closed and
open positions is facilitated by an actuator which is op-
eratively coupled to that end of the stem 64 opposite that
having the fastener 184 attached thereto. The downward
movement of the stem 64 when viewed from the perspec-
tive shown in Figure 2 causes a peripheral portion of the
end surface thereof having the internally threaded aper-
ture and channel 188 formed therein to act against the
shoulder 140 of the pilot plug 128 in a manner which
forces the sealing surface 136 of the pilot plug 128
against the seat ring 24 and maintains the sealed en-
gagement therebetween.

[0031] When the pilot plug 128 is in its closed position,
the biasing force exerted against the plug sleeve 190 by
the biasing spring 178 causes an annular sealing surface
197 defined by the main body portion 196 of the plug
sleeve 190 to firmly engage and establish sealed contact
with a portion of the pilot plug 128 at the inner periphery
ofthe shoulder 142 thereof in the manner shown in Figure
3A. Further, when the trim 100 is in a state or condition
wherein the sealing surface 136 of the pilot plug 128 is
sealed against the seat ring 24 and the sealing surface
197 of the plug sleeve 190 is sealed against the pilot plug
128, the pressure level P1 in the inflow passage 20 will
typically exceed the pressure level P2 in the outflow pas-
sage 22. The pressure level P1 also exists in the plug
chamber 14. In this regard, when viewed from the per-
spective shown in Figure 2, the plug chamber 14 is at
the pressure level P1 both above and below the level of
a plug plate 180 which is attached to the top surface 130
of the pilot plug 128 through the use of, for example,
fasteners such as bolts 182. The plug plate 180 includes
flow openings 184 which are disposed therein and extend
between the opposed top and bottom surfaces thereof.
[0032] In the valve including the trim 100, that portion
of the plug chamber 14 located above the top surface
130 of the pilot plug 128 reaches the pressure level P1
as the result of anticipated leakage which occurs be-
tween the inner surface of the plug sleeve 18 and the
sealing rings 148 disposed in the side surface 134 of the
pilot plug 128. In this regard, the sealing rings 148 facil-
itate the pressurization of that portion of the plug chamber
14 located above the pilot plug 128 in a regulated, me-
tered manner. As seen in Figure 2, the side surface 134
of the pilot plug 128 is not of uniform outer diameter, but
rather defines an annular shoulder 184 which is disposed
in relative close proximity to the sealing surface 136. Ad-
vantageously, fluid pressure at the pressure level P1
within that portion of the plug chamber 14 below the top
surface 130 and in between the side surface 134 and the
inner surfaces of the disc stack 16 and plug sleeve 18 is
able to act against the shoulder 184 in a manner supple-
menting or increasing the force of the sealed engage-
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ment between the sealing surface 136 and seat ring 24.
Such sealed engagement is further supplemented by the
pressure level P1 within that portion of the plug chamber
14 disposed above the pilot plug 128 acting against the
top surface 130 thereof. The pressure level P1 also acts
against the shoulders 140, 142 within the bore 138 of the
pilot plug 128, thus further supplementing the force of
the sealed engagement to be between the sealing sur-
face 136 and the seat ring 24. In this regard, fluid migrat-
ing between the pilot plug 128 and plug sleeve 18 into
that portion of the plug chamber 14 disposed above the
pilot plug 128 is able to flow into the uppermost and upper
middle sections of the bore 138 to act against the shoul-
ders 140, 142 via the flow openings 184 of the plug plate
180 and one or more additional flow openings 185 which
are disposed in the peripheral portion of the enlarged end
portion of the stem 64 having the internally threaded ap-
erture and the channel 188 formed therein. Even if the
end surface of the stem 64 is firmly seated against the
shoulder 140 of the pilot plug 128, fluid is able to flow
into the upper middle section of the bore 138 via the flow
openings 185. Such flow results in the uppermost and
upper middle sections of the bore 138 reaching the fluid
pressure level P1.

[0033] Moreover, in the valve including the trim 100,
the movement of the pilot plug 128 from its closed position
toits open position is facilitated by the upward movement
of the stem 64, such upward movement being facilitated
by the actuator cooperatively engaged to the stem 64.
The upward movement of the stem 64 initially causes the
head portion of the fastener 186 to act against the shoul-
der 199 defined by the wall portion 194 of the plug sleeve
190 in a manner which effectively removes the sealing
surface 197 of the plug sleeve 190 from its sealed en-
gagement to the pilot plug 128. The movement of the
plug sleeve 190 out of sealed engagement with the pilot
plug 128 creates a balanced pressure condition between
the plug chamber 14 and outflow passage 22. In this re-
gard, the removal of the plug sleeve 190 from its sealed
engagement to the pilot plug 128 allows for open flow
between the plug chamber 14 and the outflow passage
22 via the bore 138, the flow passages 184 of the plug
plate 180, and the flow passages 185 within the enlarged
end portion of the stem 64.

[0034] The continued upward movement of the stem
64 after the plug sleeve 190 is unseated from the pilot
plug 128 results in the enlarged end portion of the stem
64 acting against the bottom surface of the plug plate
180. By virtue of the attachment of the plug plate 180 to
the pilot plug 128, the continued upward movement of
the stem 64 after the same engages the plug plate 180
results in the sealing surface 136 of the pilot plug 128
being lifted off of and thus separated from the seat ring
24, thereby causing the trim 100 to assume an open po-
sition.

[0035] Inthetrim 100, itis contemplatedthatina further
mode of operation, a balanced pressure condition be-
tween the plug chamber 14 and the outflow passage 22
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may be achieved if the pilot plug 128 is in its closed po-
sition, but the pressure level P2 in the outflow passage
22 exceeds the pressure level P1 in the inflow passage
20 and plug chamber 14. In this instance, it is contem-
plated that the pressure level P2 will act against an an-
nular end surface 195 of the plug sleeve 190 which is
defined by the main body portion 196 thereof. In this re-
gard, the sealing surface 197 extends to the outer pe-
ripheral edge of the end surface 195. More particularly,
the pressure level P2 reaches the end surface 195 via
the lowermost and lower middle sections of the bore 138,
and acts against the end surface 195 in a manner facil-
itating the compression of the biasing spring 178 and
removal of the sealing surface 197 from its sealed en-
gagement to the pilot plug 128. The upward movement
of the plug sleeve 190 by virtue of the compression of
the biasing spring 178 is accommodated by the clearance
between that end surface of the main body portion 196
opposite the end surface 195 and the bottom of the chan-
nel 188. Once the plug sleeve 190 is unseated from the
pilot plug 128, fluid is able to flow from the outflow pas-
sage 22 into that portion of the plug chamber 14 above
the pilot plug 128 via the bore 138 and the flow passages
185, 184. The equalization of the pressure level in the
plug chamber 14 with the pressure level in the outflow
passage 22 results in the sealing surface 197 of the plug
sleeve 190 being returned to sealed engagement to the
pilot plug 128 by operation of the biasing spring 178. The
check valve assembly integrated to the trim 100 provides
the same functional characteristics of the trim 10 de-
scribed above.

[0036] Referring now to Figures 4A-4C, there is shown
in different states of actuation a check valve assembly
200 which may be integrated into a shut-off trim con-
structed in accordance with a third embodiment of the
present invention, the check valve assembly 200 shown
in Figures 4A-4C being used as an alternative to the
check valve assembly shown in Figures 3A-3D. In this
regard, the check valve assembly 200 is used in conjunc-
tion with the same pilot plug 128 possessing the same
structural and functional attributes as described above
in relation to the trim 100. The check valve assembly 200
is also used in conjunction with the aforementioned plug
plate 180 which is attached to the pilot plug 128 in the
same manner described above in relation to the trim 100.
[0037] The checkvalve assembly 200 integrated to the
trim constructed in accordance with the third embodiment
of the present invention comprises an auxiliary plug 286
which is secured to that end of the stem 64 opposite the
end portion cooperatively engaged to the actuator. The
auxiliary plug 286 comprises a cylindrically configured
main body portion 287 having an elongate stem portion
289 protruding therefrom. Disposed within and extending
through the stem portion 289 is an elongate slot 291.
Additionally, disposed in the main body portion 287 is an
annular channel 293 of a prescribed depth, the channel
293 circumventing the base of the stem portion 289. The
auxiliary plug 286 further defines an annular plan flange
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portion 295 which circumvents the channel 293, and thus
also circumvents the base of the stem portion 289.
[0038] Inthe check valve assembly 200, the stem por-
tion 289 of the auxiliary plug 286 is slideably advanced
into a complimentary aperture disposed within the end
surface of the enlarged end portion of the stem 64. Sub-
sequent to the advancement of the stem portion 289 into
the complimentary aperture within the stem 64, a pin 297
is advanced through the stem 64 and through the slot
291 disposed within the stem portion 289. As seen in
Figures 4A-4C, the advancement of the pin 297 through
the slot 291 allows for the reciprocal movement of the
auxiliary plug 286 toward and away from the stem 64,
but maintains the auxiliary plug 286 in attachment to the
stem 64.

[0039] As is apparent from Figures 4A-4C and as in-
dicated above, the end portion of the stem 64 defining
the end surface having the aperture formed therein is
enlarged relative to the remainder of the stem 64. The
end surface of the stem 64 which includes such aperture
for receiving the stem portion 289 also includes an an-
nular groove or channel 288 which is formed therein and
circumvents the aforementioned aperture. The use of the
channel 288 will be described in more detail below.
[0040] In the check valve assembly 200, the coopera-
tive engagement of the auxiliary plug 286 to the stem 64
is facilitated the advancing the stem portion 289 into the
complimentary aperture in the end surface defined by
the enlarged end portion of the stem 64, and securing
the auxiliary plug 286 to the stem 64 through the use of
the pin 297 advanced through the slot 291 within the stem
portion 289. At the same time, the flange portion 295 of
the auxiliary plug 286 is slidably advanced into the chan-
nel 288 which has a configuration complimentary to that
ofthe flange portion 295. As is also apparent from Figures
4A-4C, the check valve assembly 200 further includes a
biasing spring 278 which is disposed within the channel
293, and extends between the main body portion 287 of
the auxiliary plug 286 and a portion of the end surface of
the enlarged end portion of the stem 64 which circum-
vents the aperture therein for accommodating the stem
portion 289. The biasing spring 278 normally biases the
auxiliary plug 286 away from the stem 64. In the check
valve assembly 200, the movement of the auxiliary plug
286 away from the stem 64 attributable to the action of
the biasing spring 278 is eventually limited by the abut-
ment of the pin 297 against that end of the slot 291 dis-
posed closest to the distal end of the stem portion 289.
Conversely, the movement of the auxiliary plug 286 to-
ward the stem 64 is limited by the abutment of the pin
297 against the opposite end slot 291 and/or the abut-
ment or bottoming out of the flange portion 295 of the
auxiliary plug 286 against the bottom of the channel 288
within the enlarged end portion of the stem 264.

[0041] The pilotplug 128 of the trim including the check
valve assembly 200 is movable between a closed posi-
tion wherein the sealing surface 136 is sealed against
the seatring 24, and an open position wherein the sealing
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surface 136 is separated from the seat ring 24, thus al-
lowing fluid to flow therebetween into the outflow passage
22. The movement of the pilot plug 128 between its
closed and open positions is facilitated by the upward
and downward movement or actuation of the stem 64.
As in the prior embodiments discussed above, the recip-
rocal movement of the stem 64 as is needed to facilitate
the movement of the pilot plug 128 between its closed
and open positions is facilitated by an actuator which is
operatively coupled to that end of the stem 64 opposite
that having the auxiliary plug 286 attached thereto. The
downward movement of the stem 64 when viewed from
the perspective shown in Figures 4A-4C causes a pe-
ripheral portion of the end surface thereof having the ap-
erture and channel 288 formed therein to act against the
shoulder 140 of the pilot plug 128 in a manner which
forces the sealing surface 136 of the pilot plug 128
against the seat ring 24 and maintains the sealed en-
gagement therebetween.

[0042] When the pilot plug 128 is in its closed position,
the biasing force exerted against the auxiliary plug 286
by the biasing spring 278 causes an annular sealing sur-
face 299 defined by the main body portion 287 of the
auxiliary plug 286 to firmly engage and establish sealed
contact with a portion of the pilot plug 128 at the inner
periphery of the shoulder 142 thereof in the manner
shown in Figure 4A. Further, when the trim including the
checkvalve assembly 200is in a state or condition where-
in the sealing surface 136 of the pilot plug 128 is sealed
against the seat ring 24 and the sealing surface 299 of
the auxiliary plug 286 is sealed against the pilot plug 128,
the pressure level P1 in the inflow passage 20 will typi-
cally exceed the pressure level P2 in the outflow passage
22. The pressure level P1 also exists in the plug chamber
14. In this regard, when viewed from the perspective
shown in Figures 4A-4C, the plug chamber 14 is at the
pressure level P1 both above and below the level of a
plug plate 180 which is attached to the top surface 130
of the pilot plug 128 through the use of the bolts 182. As
indicated above, the plug plate 180 includes flow open-
ings 184 which are disposed therein and extend between
the opposed top and bottom surfaces thereof.

[0043] Inthe valve including the trim having the check
valve assembly 200, that portion of the plug chamber 14
located above the top surface 130 of the pilot plug 128
reaches the pressure level P1 as the result of anticipated
leakage which occurs between the inner surface of the
plug sleeve 18 and the sealing rings 148 disposed in the
side surface 134 of the pilot plug 128. In this regard, the
sealing rings 148 facilitate the pressurization of that por-
tion of the plug chamber 14 located above the pilot plug
128 in aregulated, metered manner. As indicated above,
the side surface 134 of the pilot plug 128 is not of uniform
outer diameter, but rather defines an annular shoulder
184 which is disposed in relative close proximity to the
sealing surface 136. Advantageously, fluid pressure at
the pressure level P1 within that portion of the plug cham-
ber 14 below the top surface 130 and in between the side
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surface 134 and the inner surfaces of the disc stack 16
and plug sleeve 18 is able to act against the shoulder
184 in a manner supplementing or increasing the force
of the sealed engagement between the sealing surface
136 and seat ring 24. Such sealed engagement is further
supplemented by the pressure level P1 within that portion
of the plug chamber 14 disposed above the pilot plug 128
acting against the top surface 130 thereof. The pressure
level P1 also acts against the shoulders 140, 142 within
the bore 138 of the pilot plug 128, thus further supple-
menting the force of the sealed engagement to be be-
tween the sealing surface 136 and the seat ring 24. In
this regard, fluid migrating between the pilot plug 128 and
plug sleeve 18 into that portion of the plug chamber 14
disposed above the pilot plug 128 is able to flow into the
uppermost and upper middle sections of the bore 138 to
act against the shoulders 140, 142 via the flow openings
184 of the plug plate 180 and one or more additional flow
openings 285 which are disposed in the peripheral por-
tion of the enlarged end portion of the stem 64 having
the aperture and the channel 288 formed therein. Even
if a portion of the end surface of the stem 64 is firmly
seated against the shoulder 140 of the pilot plug 128,
fluid is able to flow into the upper middle section of the
bore 138 via the flow openings 285. Such flow results in
the uppermost and upper middle sections of the bore 138
reaching the fluid pressure level P1.

[0044] Moreover, in the valve including the trim having
the check valve assembly 200, the movement of the pilot
plug 128 from its closed position to its open position is
facilitated by the upward movement of the stem 64, such
upward movement being facilitated by the actuator co-
operatively engaged to the stem 64. The upward move-
ment of the stem 64 initially causes the pin 297 to act
against the stem portion 289 of the auxiliary plug 286 in
a manner which effectively removes the sealing surface
299 of the auxiliary plug 286 from its sealed engagement
to the pilot plug 128. The movement of the auxiliary plug
286 out of sealed engagement with the pilot plug 128
creates a balanced pressure condition between the plug
chamber 14 and outflow passage 22. In this regard, the
removal of the auxiliary plug 286 from its sealed engage-
ment to the pilot plug 128 allows for open flow between
the plug chamber 14 and the outflow passage 22 via the
bore 138, the flow passages 184 of the plug plate 180,
and the flow passages 285 within the enlarged end por-
tion of the stem 64.

[0045] The continued upward movement of the stem
64 after the auxiliary plug 286 is unseated from the pilot
plug 128 results in the enlarged end portion of the stem
64 acting against the bottom surface of the plug plate
180. By virtue of the attachment of the plug plate 180 to
the pilot plug 128, the continued upward movement of
the stem 64 after the same engages the plug plate 180
results in the sealing surface 136 of the pilot plug 128
being lifted off of and thus separated from the seat ring
24, thereby causing the trim including the check valve
assembly 200 to assume an open position.
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[0046] Inthe trim of the third embodimentincluding the
check valve assembly 200, it is contemplated that in a
further mode of operation, a balanced pressure condition
between the plug chamber 14 and the outflow passage
22 may be achieved if the pilot plug 128 is in its closed
position, but the pressure level P2 in the outflow passage
22 exceeds the pressure level P1 in the inflow passage
20 and plug chamber 14. In this instance, it is contem-
plated that the pressure level P2 will act against a circular
end surface 283 of the auxiliary plug 286 which is defined
by the main body portion 287 thereof. In this regard, the
sealing surface 299 extends to the outer peripheral edge
of the end surface 283. More particularly, the pressure
level P2 reaches the end surface 283 via the lowermost
and lower middle sections of the bore 138, and acts
against the end surface 283 in a manner facilitating the
compression of the biasing spring 278 and removal of
the sealing surface 299 from its sealed engagement to
the pilot plug 128. The upward movement of the auxiliary
plug 286 by virtue of the compression of the biasing
spring 278 is accommodated by the clearance between
the flange portion 295 and the bottom of the channel 288.
Once the auxiliary plug 286 is unseated from the pilot
plug 128, fluid is able to flow from the outflow passage
22 into that portion of the plug chamber 14 above the
pilot plug 128 via the bore 138 and the flow passages
285, 184. The equalization of the pressure level in the
plug chamber 14 with the pressure level in the outflow
passage 22 results in the sealing surface 299 of the aux-
iliary plug 286 being returned to sealed engagement to
the pilot plug 128 by operation of the biasing spring 278.
The check valve assembly 200 provides the same func-
tional characteristics of the trim 10 described above.
[0047] Referring now to Figures 5 and 6A-6B, there is
shown a shut-off trim 300 constructed in accordance with
a fourth embodiment of the present invention. The trim
300 comprises a pilot plug 328 which, from the perspec-
tive shownin Figure 5, defines a top surface 330, abottom
surface 332, a side surface 334, and a sealing surface
336 which extends between the bottom and side surfaces
332, 334. The pilot plug 328 is not solid, but rather has
a bore 338 extending axially therethrough. The bore 338
is not of uniform diameter. Rather, the bore 338 defines
three (3) different segments or sections, each of which
is of a differing diameter. More particularly, the bore 338
includes an upper section and a middle section which is
of areduced diameterin comparison to the upper section.
The bore 338 also defines a lower section which is of the
greatest diameter, exceeding that of the upper section
thereof. The upper and middle sections of the bore 338
are separated by a shoulder 340. Disposed in the side
surface 334 of that portion of the pilot plug 328 which
defines the upper bore section is a plurality of sealing
rings 348 which circumvent the pilot plug 328 and are
used for reasons which will also be described in more
detail below.

[0048] When the trim 300 is in a closed position within
the exemplary valve including the same, the sealing sur-
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face 336 defined by the pilot plug 328 is firmly seated
and sealed against the seat ring 24. The trim 300 as-
sumes an open position when, from the perspective
shown in Figure 2, the pilot plug 328 is caused to move
upwardly as results in the sealing surface 336 thereof
effectively being separated from the seat ring 24. Such
separation allows fluid from within the plug chamber 14
to flow between the sealing surface 336 and seat ring 24
into outflow passage 22.

[0049] The pilot plug 328 included in the trim 300 fur-
therincludes a check valve assembly 301 which is shown
with particularity in Figures 6A and 6B. More particularly,
the check valve assembly 301 comprises a flow passage
303 which extends from the top surface 330 of the pilot
plug 328 to and into fluid communication with the lower
section of the bore 338 thereof in the manner best shown
in Figure 5. The flow passage 303 is not of uniform inner
diameter. Rather, when viewed from the perspective
shown in Figure 5, the flow passage 303 includes an
upper section and a lower section which are separated
from each other by an annular shoulder 305, the diameter
of the upper section exceeding that of the lower section.
Disposed within the upper section of the flow passage
303 is a check ball 307. The diameter of the check ball
307 presents the same from entering into the lower sec-
tion of the flow passage 303. The check ball 307 is main-
tained within the upper section of the flow passage 303
by an annular cap 309 which is partially advanced into
the upper section of the flow passage 303, and extends
in substantially flush relation to the top surface 330 of the
pilot plug 328. At least a portion of that surface of the
pilot plug 328 defining the upper section of the flow pas-
sage 303 is internally threaded, with the outer surface of
the cap 309 being externally threaded so as to provide
for the threadable engagement of the cap 309 to the plug
328.

[0050] The check valve assembly 301 further compris-
es abiasing spring 311 which is disposed within the upper
section of the flow passage 303. One end of the biasing
spring 311 is abutted against or engaged to the check
ball 307, with the opposite end of the biasing spring 311
being abutted against that end surface of the cap 309
which is opposite the end surface extended in substan-
tially flush relation to the top surface 330 of the pilot plug
328. As seen in Figure 6A, the biasing spring 311 nor-
mally biases the check ball 307 against the inner periph-
eral edge of the shoulder 305, thus causing the check
ball 307 to define a blockage or seal between the upper
and lower sections of the flow passage 303. By virtue of
its annular configuration, the cap 309 defines a flow open-
ing which extends axially therethrough and facilitates the
fluid communication between the flow passage 303 and
that portion of the plug chamber 14 disposed above the
pilot plug 328 when viewed from the perspective shown
in Figure 5.

[0051] The pilot plug 328 of the trim 300 is movable
between a closed position wherein the sealing surface
336 is sealed against the seat ring 24, and an open po-
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sition wherein the sealing surface 336 is separated from
the seat ring 24, thus allowing fluid to flow therebetween
into the outflow passage 22. The movement of the pilot
plug 328 between its closed and open positions is facil-
itated by the upward and downward movement or actu-
ation of the stem 64. As in the prior embodiments dis-
cussed above, the reciprocal movement of the stem 64
as is needed to facilitate the movement of the pilot plug
328 between its closed and open positions is facilitated
by an actuator which is operatively coupled thereto. The
downward movement of the stem 64 when viewed from
the perspective shown in Figure 5 causes a peripheral
portion of the end surface thereof to act against the shoul-
der 340 of the pilot plug 328 in a manner which forces
the sealing surface 336 of the pilot plug 328 against the
seat ring 24 and maintains the sealed engagement ther-
ebetween.

[0052] When the pilot plug 328 is in its closed position,
the biasing force exerted against the check ball 307 by
the biasing spring 311 causes the check ball 307 to be
firmly seated and sealed against the shoulder 305, thus
effectively blocking fluid communication between the out-
flow passage 22 and plug chamber 14 as would otherwise
be provided by the flow passage 303. Further, when the
trim 300 is in a state or condition wherein the sealing
surface 336 of the pilot plug 328 is sealed against the
seat ring 24 and the check ball 307 is sealed against the
shoulder 305, the pressure level P1 in the inflow passage
20 will typically exceed the pressure level P2 in the out-
flow passage 22. The pressure level P1 also exists in the
plug chamber 14. In this regard, when viewed from the
perspective shown in Figure 5, the plug chamber 14 is
at the pressure level P1 both above and below the level
of a plug plate 380 which is attached to the top surface
330 of the pilot plug 328 through the use the bolts 382.
The plug plate 380 includes flow openings 384 which are
disposed therein and extend between the opposed top
and bottom surfaces thereof.

[0053] In the valve including the trim 300, that portion
of the plug chamber 14 located above the top surface
330 of the pilot plug 328 reaches the pressure level P1
as the result of anticipated leakage which occurs be-
tween the inner surface of the plug sleeve 18 and the
sealing rings 348 disposed in the side surface 334 of the
pilot plug 328. In this regard, the sealing rings 348 facil-
itate the pressurization of that portion of the plug chamber
14 located above the pilot plug 328 in a regulated, me-
tered manner. The side surface 334 of the pilot plug 328
is not of uniform outer diameter, but rather defines an
annular shoulder 384 which is disposed in relative close
proximity to the sealing surface 336. Advantageously,
fluid pressure at the pressure level P1 within that portion
of the plug chamber 14 below the top surface 330 and in
between the side surface 334 and the inner surfaces of
the disc stack 16 and plug sleeve 18 is able to act against
the shoulder 384 in a manner supplementing or increas-
ing the force of the sealed engagement between the seal-
ing surface 336 and seat ring 24. Such sealed engage-
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ment is further supplemented by the pressure level P1
within that portion of the plug chamber 14 disposed above
the pilot plug 328 acting against the top surface 330 there-
of. The pressure level P1 also acts against the shoulder
340 within the bore 338 of the pilot plug 328, thus further
supplementing the force of the sealed engagement to be
between the sealing surface 336 and the seat ring 24. In
this regard, fluid migrating between the pilot plug 128 and
plug sleeve 18 into that portion of the plug chamber 14
disposed above the pilot plug 328 is able to flow into the
upper section of the bore 338 to act against the shoulders
140 via the flow openings 384 of the plug plate 380. Such
flow results in the upper section of the bore 338 reaching
the fluid pressure level P1. Fluid at the pressure level P1
also flows from the plug chamber 14 into the upper sec-
tion of the flow passage 303 via the flow opening defined
by the cap 309. Such fluid at the pressure level P1 acts
against the check ball 307 in a manner supplementing
the biasing force exerted thereagainst by the biasing
spring 311, thus enhancing the sealed engagement of
the check ball 307 against the shoulder 305.

[0054] Moreover, in the valve including the trim 300
having the check valve assembly 301, the movement of
the pilot plug 328 from its closed position to its open po-
sition is facilitated by the upward movement of the stem
64, such upward movement being facilitated by the ac-
tuator cooperatively engaged to the stem 64. When the
pilot plug 328 is in its closed position, a sealing surface
defined by the enlarged end portion of the stem 64 en-
gages and is sealed against the inner peripheral rim de-
fined by the shoulder 340 of the pilot plug 328, thus ef-
fectively creating a blockage or barrier between the upper
and middle sections of the bore 338. The upward move-
ment of the stem 64 initially causes the sealing surface
of the stem 64 to be removed from its sealed engagement
to the pilot plug 328, thus creating a balanced pressure
condition between the plug chamber 14 and outflow pas-
sage 22. Inthis regard, the removal of the sealing surface
defined by the enlarged end portion of the stem 64 from
its sealed engagement to the pilot plug 328 allows for
open flow between the plug chamber 14 and the outflow
passage 22 via the bore 338 and flow passages 384 of
the plug plate 380.

[0055] The continued upward movement of the stem
64 after the sealing surface thereof is unseated from the
pilot plug 328 results in the enlarged end portion of the
stem 64 acting against the bottom surface of the plug
plate 380. By virtue of the attachment of the plug plate
380 to the pilot plug 328, the continued upward move-
ment of the stem 64 after the same engages the plug
plate 380 results in the sealing surface 336 of the pilot
plug 328 being lifted off of and thus separated from the
seat ring 24, thereby causing the trim 300 to assume an
open position.

[0056] In the trim 300 including the check valve as-
sembly 301, it is contemplated that in a further mode of
operation, a balanced pressure condition between the
plug chamber 14 and the outflow passage 22 may be
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achieved if the pilot plug 328 is in its closed position, but
the pressure level P2 in the outflow passage 22 exceeds
the pressure level P1 in the inflow passage 20 and plug
chamber 14. In this instance, it is contemplated that the
pressure level P2 will act against the check ball 307 in a
manner overcoming the biasing force exerted therea-
gainst by the biasing spring 311, thus effectively forcing
the check ball 307 toward the cap 309 and out of its sealed
engagement to the shoulder 305. As will be recognized,
since the diameter of the check ball 307 is less than that
of the upper section of the flow passage 303, the move-
ment of the check ball 307 out of sealed engagement to
the shoulder 305 effectively unblocks the flow passage
303, thus allowing open fluid communication between
the outflow passage 22 and that portion of the plug cham-
ber 14 disposed above the pilot plug 328. As will be rec-
ognized, the pressure level P2 reaches the check ball
307 via the lower section of the bore 338 and the lower
section of the flow passage 303. As indicated above,
once the check ball 307 is unseated from the shoulder
305, fluid is able to flow from out outflow passage 22 into
that portion of the plug chamber 14 above the pilot plug
328 via the lower section of the bore 338 and flow pas-
sage 303. The equalization of the pressure level in the
plug chamber 14 with the pressure level in the outflow
passage 22 results in the check ball 307 of the check
valve assembly 301 being returned to sealed engage-
ment to the shoulder 305 by operation of the biasing
spring 311. The trim 300 including the check valve as-
sembly 301 provides the same functional characteristics
of the trim 10 described above.

Claims

1. A valve for regulating the flow of a fluid, the valve
comprising:

»ahousing which includes aninterior plug cham-
ber, inflow and outflow passages which fluidly
communicate with the plug chamber, and a seat-
ing surface disposed between the plug chamber
and the outflow passage; and

* a shut-off trim disposed within the plug cham-
ber between the inflow and outflow passages,
the shut-off trim comprising:

0 a main pilot plug having a bore extending
axially therethrough, the main pilot plug de-
fining a main sealing surface, and a plug
seating surface which is disposed within the
bore thereof; and

0 an auxiliary plug disposed with the bore
and defining an auxiliary sealing surface;

« the shut-off trim being reciprocally movable be-
tween a closed position wherein the main seal-
ing surface of the main pilot plug is sealed
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against the seating surface of the housing and
the auxiliary sealing surface of the auxiliary plug
is sealed against the plug seating surface of the
main pilot plug, and an open position wherein
the main sealing surface of the main pilot plug
is separated from the seating surface of the
housing and the auxiliary sealing surface of the
auxiliary plug is separated from the plug seating
surface of the main pilot plug, the shut-off trim
being configured such that the separation of the
auxiliary sealing surface from the plug seating
surface occurs prior to the separation of the main
sealing surface from the seating surface as the
shut off trim moves from the closed position to-
ward the open position.

2. The valve of Claim 1 wherein:

« the valve further comprises a reciprocally mov-
able valve stem which extends into the plug
chamber;

* the shut-off trim further comprises a collar
which is attached to and movable concurrently
with the valve stem, the collar being disposed
and movable within the bore of the main pilot
plug;

« the auxiliary plug is movably attached to the
collar; and

« the collar is sized and configured relative to the
main pilot and auxiliary plugs such that:

o the movement of the stem in a first direc-
tion when the shut-off trim is in the closed
position causes the collar to initially act
against the auxiliary plug in a manner facil-
itating the separation of the auxiliary sealing
surface thereof from the plug seating sur-
face, and thereafter act against the main pi-
lot plug in @ manner facilitating the separa-
tion of the main sealing surface thereof from
the seating surface; and

o the movement of the stem in a second
direction opposite the first direction when
the shut-off trim is in the open position caus-
es the collar to act against the main pilot
plug in a manner facilitating the sealed en-
gagement between the main sealing sur-
face thereof and the seating surface.

3. Thevalve of Claim 2 wherein the shut-off trim further
comprises a first biasing spring which is disposed
within the bore of the main pilot plug and extends
between the collar and the auxiliary valve plug, the
first biasing spring being operative to bias the auxil-
iary sealing surface of the auxiliary plug against the
plug seating surface of the main pilot plug when the
shut-off trim is in the closed position.
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The valve of Claim 3 wherein the shut-off trim further
comprises a second biasing springwhich is disposed
within the bore of the main pilot plug and extends
between the collar and the main pilot plug, the sec-
ond biasing spring being operative to bias the main
sealing surface of the main pilot plug against the
seating surface when the shut-off trim is in the closed
position.

The valve of Claim 2 wherein the shut-off trim further
comprises a plug plate attached to the main pilot
plug, the collar acting against the plug plate to facil-
itate the separation of the main sealing surface of
the main pilot plug from the seating surface upon the
movement of the stem in the first direction when the
shut-off trim is in the closed position.

The valve of Claim 5 wherein the plug plate includes
at least one flow opening disposed therein which fa-
cilitates the fluid communication between the plug
chamber and the bore of the main pilot plug.

A valve for regulating the flow of a fluid, the valve
comprising:

*ahousing which includes aninterior plug cham-
ber, inflow and outflow passages which fluidly
communicate with the plug chamber, and a seat-
ing surface disposed between the plug chamber
and the outflow passage; and

* a shut-off trim disposed within the plug cham-
ber between the inflow and outflow passages,
the shut-off trim comprising:

+ a main pilot plug having a bore extending axi-
ally therethrough, the main pilot plug defining a
main sealing surface, and a plug seating surface
which is disposed within the bore thereof; and
» a check valve assembly disposed within the
bore of the main pilot plug;

« the shut-off trim being reciprocally movable be-
tween a closed position wherein the main seal-
ing surface of the main pilot plug is sealed
against the seating surface of the housing and
the check valve assembly is sealed against the
plug seating surface of the main pilot plug, and
an open position wherein the main sealing sur-
face of the main pilot plug is separated from the
seating surface of the housing and the check
valve assembly is separated from the plug seat-
ing surface of the main pilot plug, the shut-off
trim being configured such that the separation
of the check valve assembly from the plug seat-
ing surface occurs prior to the separation of the
main sealing surface from the seating surface
as the shut off trim moves from the closed posi-
tion toward the open position.

8. The valve of Claim 7 wherein:
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« the valve further comprises a reciprocally mov-
able valve stem which extends into the plug
chamber;

+the check valve assembly comprises afastener
which is attached to and concurrently movable
with the stem, and a plug sleeve which is dis-
posed within the bore of the main pilot plug and
movably attached to the stem and the fastener,
the plug sleeve defining a sleeve sealing sur-
face; and

+ the plug sleeve is sized and configured relative
to the main pilot plug, the fastener and the stem
such that:

o the movement of the stem in a first direc-
tion when the shut-off trim is in the closed
position causes the fastener to initially act
against the plug sleeve in a manner facili-
tating the separation of the sleeve sealing
surface thereof from the plug seating sur-
face, the stem thereafter acting against the
main pilot plug in a manner facilitating the
separation of the main sealing surface
thereof from the seating surface; and

o the movement of the stem in a second
direction opposite the first direction when
the shut-off trim is in the open position caus-
es the stem to act against the main pilot plug
in a manner facilitating the sealed engage-
ment between the main sealing surface
thereof and the seating surface.

The valve of Claim 8 wherein the check valve as-
sembly further comprises a biasing spring which is
disposed within the bore of the main pilot plug and
extends between the stem and the plug sleeve, the
biasing spring being operative to bias the sleeve
sealing surface of the plug sleeve against the plug
seating surface of the main pilot plug when the shut-
off trim is in the closed position.

The valve of Claim 8 wherein the shut-off trim further
comprises a plug plate attached to the main pilot
plug, the stem acting against the plug plate to facil-
itate the separation of the main sealing surface of
the main pilot plug from the seating surface upon the
movement of the stem in the first direction when the
shut-off trim is in the closed position.

The valve of Claim 10 wherein the plug plate includes
at least one flow opening disposed therein which fa-
cilitates the fluid communication between the plug
chamber and the bore of the main pilot plug.

The valve of Claim 7 wherein:

« the valve further comprises a reciprocally mov-
able valve stem which extends into the plug
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chamber;

« the check valve assembly comprises an aux-
iliary plug which is disposed within the bore of
the main pilot plug and movably attached to the
stem by a pin which is movable concurrently with
the stem, the auxiliary plug defining an auxiliary
sealing surface; and

« the auxiliary plug is sized and configured rela-
tive to the main pilot plug and the stem such that:

o the movement of the stem in a first direc-
tion when the shut-off trim is in the closed
position causes the pintoinitially act against
the auxiliary plug in a manner facilitating the
separation of the auxiliary sealing surface
thereof from the plug seating surface, the
stem thereafter acting against the main pilot
plug in a manner facilitating the separation
of the main sealing surface thereof from the
seating surface; and

o the movement of the stem in a second
direction opposite the first direction when
the shut-offtrim is in the open position caus-
es the stem to act against the main pilot plug
in a manner facilitating the sealed engage-
ment between the main sealing surface
thereof and the seating surface.

The valve of Claim 12 wherein the check valve as-
sembly further comprises a biasing spring which is
disposed within the bore of the main pilot plug and
extends between the stem and the auxiliary plug, the
biasing spring being operative to bias the auxiliary
sealing surface of the auxiliary plug against the plug
seating surface of the main pilot plug when the shut-
off trim is in the closed position.

The valve of Claim 12 wherein the shut-off trim fur-
ther comprises a plug plate attached to the main pilot
plug, the stem acting against the plug plate to facil-
itate the separation of the main sealing surface of
the main pilot plug from the seating surface upon the
movement of the stem in the first direction when the
shut-off trim is in the closed position.

The valve of Claim 14 wherein the plug plate includes
at least one flow opening disposed therein which fa-
cilitates the fluid communication between the plug
chamber and the bore of the main pilot plug.
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